The subject which is chosen for this thesis is one which most of our modern textbooks touch upon in a general way, and its importance is confirmed by personal observations on wet and dried specimens. Some of these specimens are photographed and are reproduced in this paper.
terior part is wanting, leaving a gap which is filled in by the outer table of the squama.
As a child develops there is an outward growth of the outer edge to form the future external auditory meatus (Plate I, Fig. 2-C and 2-A) and an inward growth from the inner edge to help form the floor of the middle ear. The horizontal portion of the squama divides into an outer and inner table, the outer forming the external wall of the attic, while the inner helps to form a part of the roof of the middle ear (Plate I, Fig. 3-A and B) . The petrous portion forms the inner and posterior walls of the middle ear.
The tympanic cavity is the largest cavity of the temporal bone in the larger percentage of' cases. "but anomalies may exist where an unusually large antrum or mastoid cell is present (Plate I, Fig. 6 -A; Plate II, Fig. 10 ). I have in my collection a temporal bone wherein there is a cavity in the petrous portion extending from above the inner part of the internal auditory meatus) just internal to the superior and posterior surface, to the Glaserian fossa; it measures 20 mm, long, 9 mm. wide, and from 5 to 10 mm. deep (Plate I, Fig. 6-A) . The tympanic cavity is of cuboid shape, the walls being very unequal. It is formed by the pars petrosa, pars squamosa and pars tympanic-a, though the pars petrosa forms the greater part. This cavity contains air, reduplications of mucous membrane, muscles, ossicles and the ligaments of the ossic1es. This cavity we describe usually as having a floor, roof, an anterior, posterior, external and. inner walls. If we were to consider the median plane of the skull, these are not quite accurate, for the inner wall lies at an angle of about 45 degrees from the sagittal plane.
The roof is concave downward from without in, and generally increases in height as it passes from the processus cochleariformis backward to become the roof of the antrum (Plate I, . It is formed mainly by a little lamina of bone which projects outward and forward from the superior surface of the petrous bone to join the inner table of the squama as it turns inward ;" this marks a fissure, the petrosquamous, which in children lies over the tympanum, but in adults is usually found a little external to this roof. It has no special anatomic features of interest, but it is of surgical and pathologic importance, since infection may pass through this area from the middle ear invading the meninges. Occasionally a dehiscence (Plate I, Fig. 4-A) exists, and the dura is in direct contact with the lining of the middle ear space. This fissure usually closes at the fifth month of life (Kopetzky). Examining 765 skulls, such defects were noted one hundred and sixty-seven times (Burkner). Korner found these dehiscences present eighteen times in 209 skulls, and also found in some cases the tegmen to be several millimeters thick, and where this exists, small air cells are adjacent to it. According to R. Johnson Held, the tegmen usually contains numerous foramina for the passage of small blood vessels, and at times has a cribriform appearance; he has found dehiscences twentynine times.
The floor is formed by a projection outward of the inferior surface of the petrous bone, which Gruber calls the fundus tympani, as it forms the greater part of the floor of the tympanum. This floor is also formed by the inward growth of the inner edge of the annulus. It narrows as the descending outer and inner walls approach each other. It lies a little below the floor of the external auditory meatus. It is pushed upward, forward and outward in some cases, while in others upward, forward and inward, at its posterior part, due to the encroachment of the jugular bulb (Plate I, Fig. 7 -C, and Plate II, Fig. 8-F ). There is sometimes a dehiscence in this area which allows the jugular bulb to be seen from the tympanum, and even gives a bluish tint to the lower part of the tympanic membrane in the living subject as seen through the speculum. Sohier Bryant, in the Arcltiues, 1905, says: "In children the jugular fossa is below and not behind the tympanum." I have found both positions present. The bulb on the right side is usually larger, consequently there is more of an elevation of the floor, and, in my opinion, more reason for the presence of a dehiscence. I find, however, no literature verifying this idea.
The possibility of the existence of a dehiscence should always be remembered when performing a paracentesis of the drum membrane. In such conditions the bulb is always liable to become infected in suppurative conditions of the middle ear. Carl Koller, in Archiues, 1904, reports such a case. Turgens (Warsaw) reports a hemorrhage from the bulb after the use of strong caustic in the middle ear. Lafarelle reports a case of a diverticulum of the tympanum from the floor, which extended downward, and was of the size of the tympanum, the walls of which were very irregular.
There is a small aperture in the floor, close to the inner wall, for the passage of Jacobson's nerve (Plate II, Fig. 8-C ). In the macerated specimens this surface is usually very uneven, due to irregular cellular spaces.
The anterior wall can hardly be said to exist, for its place is taken up mostly by the tubal entrance and the tensor tympani muscle, the latter entering the tympanum above the tube (Plate I, Fig. 6-nand C) . A small portion of the antenor wall does exist beneath the lower lip of the eustachian opening and floor of the tympanic cavity, where the fundus tympani turns up and separates the carotid artery from the middle car. Sometimes this bony wall is wanting, thus allowing the carotid artery to be in contact with the lining of the middle ear.' A number of cases are reported of fatal hemorrhages due to trauma of the anterior wall. Where a dehiscence is caused by an erosion, it is usually found at the vertical and horizontal part of the canal. Politzer attributes this to inflammatory softening due to pus which surrounds the artery, and which causes a diminished resistance; the repeated concussions of the blood wave finally results in a perforation of the anterior wall.
Another important anatomic feature of this anterior wall is around the lower lip of the tubal entrance, and consists of small cellular spaces known as Koerner cells (Plate II, Fig. 9-D) , which become infected, and in' some cases produce constant obstinate otorrhea. The failure to eradicate these cells thoroughly at the time of a radical operation is often the cause of constant trouble. Urbantschitsch, in the third edition of his textbook, speaks of finding in certain temporal bones cellular spaces in the vicinity of the tympanic orifice of the eustachian tube, which led to a system of pneumatic cells, and which in turn spread to the tip of the petrosal pyramid, and through dehiscences communicated with the middle fossa of the skull. I have one such specimen in my collection (Plate II, Fig. 10 ).
The posterior wall is absent in its upper part, due to a variable sized opening of a somewhat triangular shape, with its apex pointing downward (Plate II, Fig. ll-A) . Its base is about 5 mrn. wide, and from its base to the apex measures about 6 mm. The apex of this triangular opening lies just internal and above the upper end of the posterior arm of the annulus (Plate II, Fig. 12 -E), and is called by some authors (Davis and Macliwen) the iter or aditus which leads into the mastoid antrum. Most of the literature I have consulted refer to a small recess just below the floor of this socalled accessory opening of the tympanum, the sella incudis, for the reception of the short process of the incus. This statement, according to my observation, is incorrect, as the short process rests on the floor of the iter or aditus close to the posterior wall, but not on the posterior wall. Close to the inner wall and below this opening is a small projection-the pyramid-with a tiny opening at its apex, from which issues the tendon of the stapedius muscle which arises from a cavity in its interior (Plate II, Fig. 13-D) . From the inner and lower side of the pyramid I have found in most specimens a delicate thread-like bridge of bone extending to the upper edge of the beginning of the promontory. Below, at a point where the floor and posterior walls seem to meet, is a dense hard projection, which is the tympanic end of the styloid process. I have found in some cases, around this projection, numerous cellular spaces, which are important to remember in radical mastoid surgery (Plate III, Fig. 14-A) . Through this wall passes the facial nerve, which enters just above and at the posterior end of the oval window, and runs in a somewhat diagonal direction, downward and outward, leaving this wall of the tympanic cavity just behind the middle of the posterior arm of the annulus (Plate I, Fig. I -A; Plate II, Fig. 8 -E, and Fig. ll-B) . B. Alex. Randall, in the Archives of 1913, reports his findings in one hundred cases, where the facial nerve lay less than two nor more than four millimeters from the back wall of the meatus, and crossed the oblique plane of the drum three millimeters back of the middle of the posterior margin of the annulus. Hugh E. Jones, in the Journal of Laryngology, Rhinology and Otology, of June, 1903 , and H. A. Alderton, in the Archives of 1904, give very important data regarding the location of this nerve. To avoid injuring this structure, one should not go below the floor of the antrum where it joins the posterior arm of the annulus (Plate II, Fig. 12-E) .
The external wall is formed by bone and membrane, the upper part by the external table of the squama, which contains cellular spaces in the adult and lies over the superior meatal wall; the lower part by the drum membrane and annulus tympanicus (Plate I, Figs. 1 and 3). The lower edge of the external table of the squama for about four millimeters is not joined by the annulus (Plate I, Fig. l -C, and Plate II, Fig. 12 , between C and E). This area, which' is in the upper and posterior part of the drum, and lies just anterior and slightly below the opening into the mastoid antrum, is where the periosteal covering of the upper part of the meatus passes into the inner surface of the external table of the squama, thus forming the periosteal covering of the outer wall of the antrum and attic, and allowing subperiosteal infections to travel into the external meatus from the attic and antrum at this point. Swelling here indicates attic and antrum inflammation. The annulus in most subjects is horse-shoe in shape, but cases are reported where the osseous circle is complete. Hyrtl has reported a case wherein two tympanic' rings existed. The annulus forms only a small part of the external wall; on its concave side there is a sulcus-the sulcus tympanicus-for the insertion of the membrana propria (Plate I, Fig. 2 
-D).
At the upper and posterior part, where the annulus is missing, the sulcus is also missing, and this area is known as the notch of Rivini (Plate I, Fig C and E). The annulus is placed obliquely, inclining toward the anterior wall and floor of the meatus, forming with the superior and posterior walls an angle of about 145 degrees, while with the floor and anterior wall it forms an angle of about 35 degrees. The annulus has a somewhat spiral shape, and its anterior extremity makes a slight twist on its long axis, so that the sulcus of the annulus is seen from the meatus in dried specimens when held in its normal position. At the upper end of this anterior arm is a small tubercle, the crista tympanica, and above this a little groove, the sulcus malleolaris, which lodges the processus longus of the malleus. The development of the annulus along the anterior part of the lower margin of the squama forms the Glaserian fissure, which is of special interest to the otologist, as it sometimes serves as a. passage by which infection may spread from the tympanic cavity into the region 'of the parotid gland, or may even affect the inferior maxillary joint. This fissure is formed by the 'Crista tympanica of the annulus and the tegmen tympani which advances to meet it; these structures draw nearer to the lower anterior margin of the squama and practically close this area; however, in the young, before this closure has taken place, and in those cases where development does not progress normally, it leaves a relatively large opening. Infection of the middle ear may travel through this opening and become the primary cause of some supposed parotid gland or pharyngeal abscess, and should be remembered.
The drum membrane is an irregular oval membrane, measuring about nine by ten millimeters (Plate III, Fig. 17 ). It is placed in the same plane as the annulus. The drum is concave outward at the umbo or tip of the malleus, and between that and the annulus it is convex outward, excepting in its posterior quadrant, where it is somewhat flattened. The membrane is transparent and about one-tenth millimeter in thickness. It separates the external auditory meatus from the middle ear. It consists of three separate layers: an outer cuticular, a central or membrana propria, and an inner or mucous layer. Zalewski, through experiments, found that pressure of from one to two atmospheres was necessary to cause rupture of the normal drum, which in atrophic conditions or cicatrices of the drum, infectious processes, or advanced age, lessened pressure was required. In fibrous or calcareous thickening, increased pressure was necessary. Gruber contends that the drum will stand a gradual increasing pressure of from sixty to seventy pounds.
There seems to be a diversity of opinion as to the position of the drum membrane. Most authors are inclined to believe the drum membrane lies more horizontal in the child than in the adult. while J. Pollak I believe that because of the high position of the auricle, the cartilaginous floor of the meatus lies almost parallel with the outer surface of the drum in children; while in the adult, because of the development of the osseous meatus; we look at the drum in a more horizontal direction. It would seem to me, if the annulus changed its position it would have some effect upon the size of ,the tympanic cavity. but this cavity is about the same in size in the young and old. I have removed the bony external auditory meatus in the adult to the drum membrane, and from all appearances it seems to be in the same plane as in a child. I have also made an artificial bony external meatus by casts and placed this against the infant annulus as it would appear later in the adult, and the drum seemed to be on the same plane as the adult membrane.
The membrana tympani is composed of a tense and a flaccid part. The former is tense because of the membrana propria, which is made up of the circular and radiating fibers, while the latter, or Shrapnell's membrane, is flaccid because it is devoid of these fibers (Plate III, Fig. Ii-B) . The long process of the malleus, of which we shall speak later, is readily seen through the drum membrane. and at the upper part of this handle is a round projection, the short process of the malleus. From the short process of the malleus, passing upward in opposite directions to the upper end of the annulus, is the edge of the membrana tensa, which is thickened and known as Prussak's fibers, called by some authors the anterior and posterior folds, while Bezold and Siebenman call them the anterior and posterior liminal strands (Plate III, Fig. 17-A and C) . Th~area between these two bands is known as Shrapnell's membrane. It is of the greatest importance to remember the position of the drum membrane when removing foreign bodies from the meatus or performing a paracentesis. Perforations in the various parts of the drum are also of the utmost importance, and may be divided into the dangerous and nondangerous variety. When the membrane seems to be entirely destroyed in a marginal perforation at its junction with the annulus, or where there is a perforation in Shrapnell's membrane, or in the posterior superior quadrant, it is to be viewed with suspicion as of a possible dangerous type (Plate III, Fig. 19-A) ; while a perforation which exists where a membrane, be it ever so small in amount, separates it from the annulus, may be classified as belonging to the nondangerous variety (Plate III, Fig. 18-A) . I am thoroughly convinced that in diseased conditions of the antrum, perforations at the posterior superior part of the drum and in Shrapnell's membrane are due to secretions drawing from the antrum directly upon the drum at this point, thus causing destruction in this area (Plate JII, Fig. 20-A) . The short arm of the incus forms with the outer table of the squama a trough, so to speak, which retains secretions and aids infections of Prussak's space (Plate IV, Fig..23-A) .
The inner wall looks forward and outward and is the most important of the various waIls of the middle ear. It forms also the outer wall of the internal ear. From the tegmen tympani downward we observe:
First-s-A smooth bony projection in the upper posterior part, called the horizontal semicircular canal, which lies in a horizontal plane and passes back through the iter into the antrum (Plate I, Fig. 2-C) .
Second-Below this elevation and lying in the same plane, but extending a little more anteriorly and not so far posteriorly, is another bony elevation, which marks the position of the canalis fallopii, through which the facial nerve passes (Plate II, Fig. 12-B) . There is sometimes a dehiscence in this ridge, and mucous membrane only separates it from the tympanum. This is a very important surgical landmark, and its position should be thoroughly familiar to surgeons doing middle ear and mastoid operations. In infection of the middle ear where a dehiscence exists we are liable to meet with facial nerve complications, due to an exudate into the surrounding structures causing pressure. Infection may travel along the sheath of the nerve to the cranial cavity.
Third-Directly anterior and a little below where the facial canal makes its appearance on the inner wall is seen the processus cochleariformis, through which passes the tendon of the tensor tympani muscle (Plate I, Fig. S-B) .
Fourth-Below the canalis fallopii, near the posterior wall, is a recess at the bottom of which is an oval opening, the fenestra ovalis, measuring three miIIimeters long, and one and onehalf millimeters wide, the long axis of which is directed upward and forward (Plate II, Fig. 8-A) . In this oval opening rests the footplate of the stapes, which will be discussed later. This ossicle separates the vestibule of the labyrinth from the tympanic cavity. It is through this fenestra that most of the sound waves travel (Plate I, Fig. 3-D) .
Fifth-Below this oval opening, helping to form its lower border and extending forward, is an elevation known as the promontory, which represents the first or beginning turn of the cochlea, and forms the greater part of the inner wall of the tympanic cavity (Plate II, Fig. 12-D) . If we trace this prominence backward, we find it ends abruptly in a deep recess, the recessus rotundus, Opening forward' from this recess in the macerated bone is a round aperture, the Iforamen rotundum, which leads into the beginning of the cochlea (Plate IV, Fig.  21-A) . In the recent state this opening is closed by a membrane, the membrana secundaria, which regulates the fluid waves that have passed through the cochlea. Opinions differ as to whether sounds travel through the fenestra rotunda from the middle ear. According to Gruber, this round window lies nearly parallel to the drum membrane in the fetus at the third or fourth month, while at birth it lies obliquely to the membrane, and as the child advances in years this opening gradually changes until it looks toward the posterior wall. Troltsch is of the opinion that the infantile position of the round fenestra may under certain conditions persist. This round opening varies from one and six-tenths to three millimeters in height and its width from one to three millimeters. The membrane which closes this round opening is somewhat convex toward the interior of the cochlea. It is covered on the cochlea side by the labyrinthine lining, and on the tympanic side by the mucosa of the lining of the middle ear.
The tympanic cavity measures through its horizontal plane ten to thirteen millimeters; its vertical plane from eight to fifteen millimeters. The roof increases in height from the anterior part of the cavity to the posterior, where it continues on as the covering of the antrum. The width of this cavity varies; at the umbo and promontory it is about two millimeters, and from that the width varies up to seven millimeters. The quantity of fluid which this cavity will hold is about ten minims in the recent specimen, and in the dried about twelve minims.
This cavity is divided into three chambers by imaginary lines: the upper or attic, the middle or atrium, and the lower or hypotympanic space (Plate III, Fig. 20-D) .
The attic is that portion lying above an imaginary line drawn from the prominence of the horizontal portion of the facial ridge to the short process of the malleus. Some authors draw the line to the lower edge of the external table of the squama or upper edge of Shrapnell's membrane. Kretschman and Siebenman contend the former should be adhered to, and base their opinion on the clinical fact that it is a common observation to find the membrana flaccida involved when the pathologic process is limited to the attic. The attic lies almost directly above the posterior quadrant of the drum membrane (when the head is held in its horizontal plane) and lower ledge of the outer table of the squama. If a perpendicular line were drawn from the inner wall of the attic downward, it would pass through the drum membrane near its upper edge and strike the floor of the external meatus about three millimeters external to the lowest edge of the drum. If drawn in like manner from the extreme outer part of the outer wall, it would strike the floor of the meatus about seven millimeters from the lowest edge of the drum. To this space Bezold, Troltsch and Siebenman have given the name aditus ad antrum; Schwalbe, cavum epitympanicum; Liedy, attic, and Hartmann, the cupola. In this socalled chamber rests the heads of the malleus and incus and their ligaments (Plate IV, Fig. 23-A) . The book of Surgical Anatomy by Davis and the book by MacEwen, describe the attic containing the above structures, but continue to say that the short process of the incus projects into a space called the iter or aditus, and that through this space the attic communicates with the mastoid antrum. They describe the space as being a quarter of an inch long from the posterior extremity of the attic to the antrum, and that it is covered by the tegmen, the inner and lower wall by hard bone for the seventh nerve and external semicircular canal. This chamber is of the greatest importance because of the many structures it contains and because of its close association with the cranial cavity and mastoid antrum. Because of the number of structures .and reduplication of mucous membrane, infection of this region is arduous to master on account of the difficulty in establishing drainage (Plate IV, Fig. 25-C) . The incus aids us in many cases; because of its position, it acts as a natural drain from this region. The attic is again divided into an internal and an external chamber. The area lying between the malleoincudal articulation and the external table of the squama and Shrapnell's membrane is calleel the external attic; that part internal to these' structures, the internal attic. This external attic is again subdivided into an upper and lower space. The lower one is known as Prussak's, and is bounded internally by the neck of the malleus, inferiorly by the processus brevis, externally by Shrapnell's membrane, and superiorly by the external ligament of the malleus. This space measures about one and a half millimeters high and two millimeters at its base. According to Politzer, this space opens occasionally into the anterior and posterior pouch of Troltsch. From my observations of work in the attic region, I have come to the conclusion that the number of trabecula-in the attic varies in many cases, and I think it due to the process of development.
The atrium is that part of the ty~panum lying opposite to the drum, below the imaginary floor of the attic and above a plane on a level with the floor of the external auditory meatus. In this chamber are found the handle of the malleus and the long process of the incus, stapes, oval, round window and opening into the eustachian tube.
The hypotympanic space lies below the lowest edge of the drum membrane or below the floor of the external auditory meatus, and contains a variable number of cellular spaces.'
.The ossicles of the middle ear are three: malleus, incus, and stapes.
The malleus is club shape, measures about nine millimeters in length and weighs about· twenty-two milligrammes. It is made up of a head, neck and handle. The head and neck form with the handle an angle of about 150 degrees. The head is irregularly globular in shape, and its upper part lies about one millimeter from the tegmen. It has a free convex surface, and on its inner and posterior surface has an oval depression for articulation with the incus. The neck is a fraction over one millimeter long, and extending forward from its anterior surface is a delicate spicule of bone, the processus gracilis, the remains of Meckel's cartilage. Extending in an obtuse angle from the neck, downward and inward, is the handle, which is prismatic on cross sections, and tapers gradually from just below the neck to the tip, which is turned slightly forward and somewhat flattened. The handle measures five millimeters from short process. At the upper end of the handle is a somewhat rounded point, projecting against the drum, and called the short process. On examining the handle while connected with the drum, the inner two-thirds of its circumference seems to be free toward the tympanicum, excepting for the mucous membrane covering, while the outer one-third seems imbedded in the membrane (Plate III, Fig. ZQ-B) . The membrane can be easily separated from the malleus with the exception of its lower end, where it is firmly attached. Gruber contends that a cartilaginous structure surrounds the malleus where it is. imbedded in the drum, and the bony part rests in this cartilaginous bed. This ossicle, especially the head and short process. is practically always preserved in suppurative conditions, because of its rich blood supply, which will be spoken of later. A case of congenital gap in the handle of the malleus has been reported by A. H. CheatIe. The ligaments which hold this ossicle in place are: the suspensory, a short bundle of fibers attached to the upper surface of the head and tegmen tympani; it checks the outward movements of the handle. The external is a fan-shaped structure attached to the neck of the malleus and diverging as it passes outward to become attached to the lower edge of the outer wall of the squama at the Rivinian notch. This ligament forms the roof of Prussak's space. There is a small bundle of fibers at the posterior part of this ligament which is separated from the main bundle, and called by some authors the posterior ligament of the malleus. The anterior ligament leaves the neck of the malleus around the processus gracilis, encircling this process and passing to the Glaserian fissure and anterior spine of the tympanic ring. The capsular ligament surrounds the malleoincudal articulation, and holds these surfaces together. Because of the number of ligaments which are attached to this ossicle, it makes it firm and secures it in one place, therefore, making it a valuable landmark.
The incus. called so because of its shape, has a body, a long and short process. On the anterior surface of the body is a saddle shaped depression, for the articulation of the head of the malleus. The two surfaces of the malleus and incus are so arranged that when the drum membrane is pushed inward by a 'sound wave. a small ridge on the malleus fits into a depression on the incus, thereby bringing pressure on the stirrup, while if the drum is pushed outward by inflating, etc., these two surfaces separate and the malleus moves outward without pulling the incus with it, thus preventing the dislocation of the stapes from the oval window during inflation, etc. The short process measures three millimeters, and in some cases a fraction over; the long process, from the lower edge of the articular surface to the tip, about four and a half millimeters. This ossicle weighs about twenty-four milligrammes. The short process is directed backward and is lodged in the sella incudis of the posterior tympanic wall, just below the opening into the antrum mastoideum. The long process, downward and inward, parallel and posterior to .the malleus handle. At its lower end it turns at a right angle inward to join the head of the stapes. The right angle projection is known as the processus lenticularis or orbicularis. In the fetus there is a separate bone (Quain). In inflammatory conditions of the tympanum the incus is the first of the ossicles to be thrown off and destroyed because of its limited blood supply, and because of the position of the artery which supplies it, which is so readily pressed upon by the swelling of the tissues in that area, The ligaments which secure this ossicle in position are: the capsular, already spoken of; the ligament of the incus which surrounds the short process, passes back and is fastened to the area of the floor of the iter where the short process is lodged. There is a small ligament which holds the os orbicularis and head of the stapes together.
The stapes consists of a head, two crura and a footplate. The head is directed outward and articulates with the processus lenticularis of the incus. It is disputed as to whether this is a synovial joint, but Rudinger describes it as such. There is a short neck which divides into two crura, the anterior and posterior, which are united to a flat oval plate, the footplate. The footplate occupies the greater part of the fenestra ovalis, but it is in no place in actual contact with the bone, there being a layer of cartilage all around the footplate, and another around the edge of the oval window, Between these two layers of cartilage is a ligament. The length of the footplate is a fraction over three millimeters, its width one and a half millimeters. The anterior crus measures about two millimeters, its posterior crus three millimeters. This ossicle weighs about two milligrammes. The ligaments are the annular, which holds the footplate in the oval window, and one which unites the head with the incus.
The muscles of tympanum are two: the tensor tympani and the stapedius. The tensor tympani arises from the cartilaginous portion of the eustachian tube, small area of the great wing of the sphenoid around the tube, and from the walls of the bony canal which lodges the muscle, It is a little over half an inch long. Near the opening of this tube the muscle becomes tendinous, passes through the processus cochleariformis at right angles to its belly, passes outward across the tympanum to be inserted into the inner surface of the manubrium of the malleus, where it joins the neck. Gruber says the tendon is attached to the inner margin and anterior surface of the malleus.
The stapedius muscle arises from a canal in the posterior wall of the tympanum, lying parallel with the fallopian canal, but a little anterior and internal to it. It emerges through a small opening, the pyramid, to be inserted into the head of 'the stapes. Rudinger says it is inserted into the lower extremity of the descending process of the incus. In most of the cases which I examined the muscle seemed to vary in its insertion; sometimes it would be attached to the posterior crus, again to the head and posterior crus, then again some of the fibers seemed to extend from the head to the os orbicularis, but most often to the neck.
Various theories are advanced regarding the function of these muscles, but they are beyond the scope of this paper.
The arterial supply to the tympanum is the tympanic branch of the internal maxillary, which enters this cavity by way of the GJaserian fissure; it supplies the anterior part of the cavity, and its branches anastomose along the periphery of the drum membrane with the stylomastoid branch of the posterior auricular. This tympanic branch sends branches into the external auditory meatus, and is called the deep auricular.
The tympanic branch of the internal carotid passes through the anterior wall of the tympanum into the middle ear. The stylomastoid branch of the posterior auricular passes up the fallopian canal with the facial nerve and sends branches through the posterior tympanic wall to the tympanum and drum membrane.
The petrosal branch of the middle meningeal, which anastomoses with the stylomastoid in the fallopian canal, sends branches into the tympanum. Zuckerkandl mentions a small branch of the stylomastoid artery, which he found constantly passing out from the middle part of the fallopian canal to supply the stapes and membrana obturatoria, then to the promontory to anastomose with the above branches, which he calls arteria stapedia.
The tympanic branch of the ascending pharyngeal, Gray says, ascends through the eustachian tube, while Deaver speaks of its entrance through the tympanic canaliculus with Jacobson's nerve. All these branches which supply the tympanum anastomose freely. However, Prussak states that the arteries 'Of the tympanic cavity have an extensive course without anastomosing with one another. He says they divide at an acute angle into branches the caliber of which are large in comparison to the parent trunk, these branches passing almost at once into small veins, capillaries in many parts being absent.
Because of the free passage of the arterial supply through the periosteum to the subjacent bone, inflammatory processes of this cavity have a great tendency to involvement of the osseous wall.
There is considerable controversy as to whether the arteries of the middle ear anastomose with the arteries of the labyrinth. Politzer describes such branches existing. Shambaugh, who has studied this phase of the subject very thoroughly, has found that there is an anastomosis existing between these two chambers. (Archives of Otology, 15Xl6.) The venous blood of the tympanum is carried off by the temporomaxillary vein, superior petrosal sinus, lateral sinus, internal jugular. and pharyngeal veins.
Numerous small vessels communicate with the dura through the tegmen tympani. Inflammatory processes may travel by these veins to the various areas through which the veins travel and are, therefore, of pathologic importance.
The lymphatic distribution of the tympanum is not well known, but according to Rauber they accompany the blood vessels. There is a close connection with the prevertebral glands, which should be remembered in. a retropharyngeal abscess, during middle ear suppuration.
The nerves of the tympanum are derived from several sources. The relation of the seventh nerve to the tympanum has already been considered. The nerve supply of the middle ear is derived from branches of the fifth, seventh and ninth cranial nerves, which form a plexus on the promontory known as the tympanic plexus. The branches which form this plexus are Jacobson's nerve from the ninth, which passes through the 'canaliculus of the floor of the tympanum just below the promontory. The small deep petrosal from the carotid plexus of the sympathetic, which enters through the anterior wall. The small superficial petrosal branch of the seventh, which enters the tympanum beneath the tensor tympani canal. The great superficial petrosal, another branch of the seventh, which enters the tympanum just anterior to the oval window.
The chorda tympani nerve passes through the tympanic cavity, entering at the upper posterior arm of the annulus through a small opening, the iter chordee posterior, passes forward between the long process of the incus and neck of the malleus, just above the junction of the tensor tympani muscle with the malleus, and passes out of the cavity through a small opening at the upper anterior arm of the annulus, the iter chordee anterior (Plate II, Fig. 12 -C, and Plate IV, Fig. 22-A) . The position of this nerve in the tympanum causes two pockets to be formed, one anterior and the other posterior to the malleus, and known as the anterior and posterior pouches of von Troltsch (Plate IV, Fig. 24 ). The mucous membrane passes down from the roof of the tympanum, covers over the chorda tympani nerve, then passes up again to be reflected into the drum membrane; therefore, these pouches open downward and lie between this fold of mucous membrane which covers the chorda tympani and the drum membrane. The posterior pouch is the larger of the two. Troltsch considers these folds of mucous membrane as true duplicatures of the membrana tympani, and has found fibers in them similar to those in the drum. Gruber, after the most careful study, has never been able to demonstrate the fibers of the membrana propria, therefore, he considers them folds of mucous membrane. Rudinger regards them as forming bands of attachment for the upper part of the malleus.
Politzer says there are openings in some cases into these pockets from Prussak's space.' I have followed his method of experimenting by putting quicksilver into the pouches and opening Prussak's space in eight cases, but the quicksilver did not leave the sacs. I also examined these pouches under high magnifying power, but could see no such openings.
The nerve supply of the drum membrane has been carefully studied by J. Gordon Wilson, who says: "The drum of man is chiefly supplied by nerves which enter from the external auditory meatus. They pass in ·as one large trunk at the upper posterior part of the auditory canal. Numerous smaller branches enter from the periphery. There are but few nerves entering this structure from the tympanum. These branches are derived from the auricular femporalis and vagus." I am greatly indebted to Dr. Joseph Beck for many suggestions which were of value to me in the presentation of this subject.
